In human beings, isoamylase analysis is useful in determining the tissue source accounting for hyperamylasemia and in the diagnosis of exocrine pancreatic insufficiency (EPI).4,9 In dogs, serum isoamylase analysis is more sensitive than total serum amylase activity in detecting pancreatiti~.~ Serum isoamylase analysis by agarose gel electrophoresis is not helpful in the diagnosis of canine EPI, contrary to preliminary findings using cellulose acetate electrophoresis.2 Some of the lack of sensitivity of isoamylase analysis for canine EPI may be due to extrapancreatic production of the purported pancreatic-specific isoamylase-3.2,8 The pancreas has the greatest activity of specific amylase followed by the duodenal mucosa that has about 1 .O% of pancreatic activity. The specific amylase activity of 14 other tissues was less than 0.05% of the pancreatic activity.* All canine tissues studied have isoamylase-4 activity. About half of the pancreatic activity and about 13% of the duodenal mucosal activity are in the isoamylase-3 fraction. No other tissues show isoamylase-3 activity with the agarose gel electrophoretic technique. The small intestine, therefore, may be a source of a small amount of serum isoamylase-3 activity. Alternatively, duodenal isoamylase-3 activity may be a contaminant from exposure to pancreatic juice.
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Lipase activity is also found in the pancreas and duodenum. 6 The contributions of these tissue sources to serum activity are not known.
To study the origins of serum amylases and lipase activities in the dog, pancreatic and duodenal arteriovenous differences were determined. Amylases were measured in short-term in vitro incubations of pancreatic acini and duodenal mucosal cells to determine if both tissues contain isoamylase-3 activity.
Pancreatic and small intestinal arterial and venous blood samples were obtained from eight adult dogs from which food had been withheld for 12 hours. Pancreata and duodenums were collected from six adult dogs immediately following death by barbiturate overdose. The blood samples were allowed to clot at room temperature, and the serum was collected by centrifugation. Samples were stored frozen at -20 C until analyzed for amylase, lipase, and isoamylase activities. Amylase activity was determined kinetically using a p-nitrophenylmaltohexaoside substrate (Coulter Dacos, Coulter Diagnostics, Hialeah, FL). Lipase activity was determined kinetically using a triolein substrate (Boehringer Mannheim Canada, Dorval, PQ). Isoamylases were determined using agarose gel electrophoresis. The results were expressed as the activity of isoamylase-3 divided by the activity of isoamylase-4 (isoamylase 3/4 ratio).8 Freezing has no effect on the isoamylase pattern, and the coefficient of variation of the isoamylase 3/4 ratio is approximately 12Y0.~ Dispersed pancreatic acini and small intestinal mucosal cells were isolated by previously described Cell viability was assessed by the exclusion of 0.2% trypan blue. Total amylase activity content in cell suspensions (sum of activities in cells and supernatants) was determined after homogenization and clearing of the homogenates by centrifugation at 1,800 x g for 15 minutes. Aliquots of supernatants were collected at 0 and 15 minutes and then at 30minute intervals. Supernatants were centrifuged at 1,800 x g for 15 minutes prior to determination of total amylase activity and isoamylase analysis. Any activity present in the supernatant at 0 minutes was subtracted from subsequent determinations so that values at 0 minutes had no activity.
Amylase activity in supernatants was expressed as the percent oftotal amylase activity content. Due to the small amount of amylase activity in the duodenal mucosal cell supernatants, aliquots of supernatants at each time interval from six dogs were pooled and concentrated 100 times by lyophilization prior to amylase and isoamylase activity analysis.
The arteriovenous changes in total amylase and lipase activity, percent of total amylase activity content, and isoamylase 3/4 ratios were considered significant if P 5 0.05 (onesided) in the Wilcoxon signed-ranks test.
The mean (range) percent changes in pancreatic and duodenal venous blood total amylase activity were 14% (3 to 28) and 0.3% (-11 to lo), respectively. The mean (range) percent changes in pancreatic and duodenal venous blood lipase activity were 108% (35 to 178) and 16% (-17 to 95), respectively. The increases in pancreatic venous amylase and lipase activities were significant (P < 0.05). The duodenal arteriovenous difference was not significant for either enzyme. In four dogs, the mean percent (range) of isoamylase-3 activities in the pancreatic and duodenal venous blood and arterial blood were 9.6% (7.9 to 10.2), 6.2% 8.0% (7.1 to 8.9), respectively. Isoamylase-3 activity was significantly increased (P < 0.05) in pancreatic venous blood compared with duodenal venous blood. Isoamylase-3 activity in duodenal venous blood was not significantly different from the activity in arterial blood. In all experiments, greater than 90% of the isolated pancreatic and duodenal mucosal cells were viable. The means (ranges) of the total amylase activity contents for suspensions of isolated pancreatic acini and duodenal mucosal cells were 8,200 U/liter (1,362 to 22,932) and 934 U/liter (164 to 3,052), respectively. The mean percent of total amylase activity contents ( Fig. 1 ) and isoamylase 3/4 ratios (Fig. 2) in the supernatants of pancreatic acini were increased significantly (P < 0.05) compared to initial values up to 135 and 195 minutes, respectively. The mean percent of total amylase activity contents in the supernatants of cultured duodenal mucosal cells increased markedly with time ( Fig. l) , but pooling of the samples precluded statistical analysis. The isoamylase 3/4 ratios were zero for the pooled supernatants of duodenal mucosal cells, since upon isoamylase analysis only isoamylase-4 was detected.
Measurement of the arteriovenous differences in total amylase and lipase activities showed that only efferent pancreatic blood had significantly increased activity. A similar arteriovenous increment in amylase activity was reported previ~usly.~ It is clear that in normal dogs, serum amylase and lipase activities originate in the pancreas and are not augmented by retrograde leakage from duodenal mucosal cells.
Comparison of isoamylase-3 activity in arteriovenous samples showed that efferent pancreatic blood contained a significantly greater proportion of isoamylase-3 activity com- pared to duodenal venous blood or arterial blood. In the supernatants of isolated pancreatic acini, isoamylase-3 activity was in excess of isoamylase-4 activity, while supernatants of duodenal mucosal cells contained only isoamylase-4 activity. Of the two tissues tested, duodenum and pancreas, the pancreas was the only source of isoamylase-3 activity.
